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Abstract 

The infection of CD4+ cells by HIV leads to the progressive destruction of CD4+ T lymphocytes and, after a severe reduction 
of CD4+ cells, to AIDS. The aim of the study was to investigate whether HIV-infected patients with CD4 cell counts <200 
cells/(xl can suffer from symptoms of IgE-mediated allergy, produce allergen-specific IgE antibody responses and show 
boosts of allergen-specific IgE production. HIV-infected patients with CD4 counts <200 cells/jxl suffering from AIDS and 
from IgE-mediated allergy were studied. Allergy was diagnosed according to case history, physical examination, skin prick 
testing (SPT), and serological analyses including allergen microarrays. HIV infection was confirmed serologically and the 
disease was staged clinically. The predominant allergic symptoms in the studied patients were acute allergic rhinitis (73%) 
followed by asthma (27%) due to IgE-mediated mast cell activation whereas no late phase allergic symptoms such as atopic 
dermatitis, a mainly T cell-mediated skin manifestation, were found in patients suffering from AIDS. According to IgE 
serology allergies to house dust mites and grass pollen were most common besides IgE sensitizations to various food 
allergens. Interestingly, pollen allergen-specific IgE antibody levels in the patients with AIDS and in additional ten IgE- 
sensitized patients with HIV infections and low CD4 counts appeared to be boosted by seasonal allergen exposure and were 
not associated with CD4 counts. Our results indicate that secondary allergen-specific IgE production and IgE-mediated 
allergic inflammation do not require a fully functional CD4+ T lymphocyte repertoire. 
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Introduction 

IgE-associated allergy is a frequent problem in central Africa 
[1-4]. House dust mites, grass pollen and various foods are 
important allergen sources in Africa as it has been demonstrated 
by skin testing and IgE serology [5,6]. Infectious diseases and 
parasite infestations are frequent in central Africa and it has been 
demonstrated that schistosome infestations are negatively associ- 
ated with allergic diseases [7]. However, according to clinical 
observations allergy is quite common in Africa and does not seem 
to follow stricdy the rules of the Hygiene hypothesis [8] . 

Besides parasitic infestations HIV infections represent one of the 
major health problems in central and southern Africa. The 
prevalence of HIV infections in Zimbabwe exceeds 15% 
(UNAIDS global report 2010; http://www.unaids.org/ 
globalreport/) of the population. HIV infections profoundly affect 
the immune system leading to a severe loss of functional CD4+ T 
lymphocytes. These changes may cause alterations of the Thl/ 
Th2 cytokine balance, polyclonal hypergammaglobulinaemia and 
increases in total serum IgE levels [9]. Since CD4+ T cells 
producing IL-4 are essential for the class-switch towards IgE and 
the development of IgE-associated allergy we were interested to 



investigate the effects of severe CD4+ T cell loss on allergic 
symptoms and allergen-specific IgE production. Therefore, we 
have analyzed allergic symptoms and allergen-specific IgE 
production in HIV-infected patients with <200 CD4+ cells/jxl 
and in HIV-infected patients with low CD4 counts in the range of 
200-700 ceUs/ul. 

Methods 

Patients' Sera 

Sera were obtained from patients of the Allergy and Immune 
Dysfunction out-patients clinic in Harare, Zimbabwe. Patients 
were either referred for treatment of allergy and, on subsequent 
investigation were found to be HIV positive or were referred for 
the management of HIV/AIDS and were found to suffer from 
allergic diseases. HIV-infected patients with low CD4+ T cell 
counts and CD4+ T cell counts below 200/^1 were identified who 
also suffered from IgE-mediated allergies (Tables 1 and 2; Tables 
S2 and S3). The range of CD4 counts for healthy individuals 
according to WHO definitions is 500-1500 cells/jxl. 
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Table 1. Demographic, clinical and immunological characterization of eleven HIV-infected allergic patients suffering from AIDS 
according to the CDC classification. 



P -> t i <r» n t 


Age 


Sex 


/" Y~\ /] /-/"vi mtc ~i +■ cam K\ lir%f*i 
(.uuiiis di iain \Ji i ny 




Allar/ianc facfoH nncitina in CDT MAC T" f~ 1 A CurAlina InC accan 
Mllcl yfcrlli IcalcU |JU3lllVC III Or 1 r IVIrtJ 1 LLn Ul CUlUIIIIC dbsdy 


1 


40 


F 


115 


RC 


Cat, Dog, Horse, Guinea pig, Hamster, Rabbit, Mugwort, Parietaria, 
Ragweed, Olive tree, Birch, Juniper, Grass mix, Pine mix, Hazelnut, Peanut, 
Walnut, Almond, Egg, Casein, Potato, Celery, Codfish, Shrimp, Apple, 
Wheat flour, Sesame, Soy bean, Peach, Latex, Penicillium, Cladosporium, 
Aspergillus, Alternaria, Cockroach, Der p 


2 


36 


M 


115 


R 


Rabbit, Mugwort, Parietaria, Ragweed, Olive tree, Birch, Juniper, Grass 
mix, Pine mix. Hazelnut, Peanut, Walnut, Almond, Egg, Casein, Potato, 
Celery, Codfish, Shrimp, Apple, Wheat flour, Sesame, Soy bean, Peach, 
Latex, Penicillium, Cladosporium, Aspergillus, Alternaria, Cockroach, maize 
pollen, Feathers, Soy 


3 


43 


M 


150 


R 


Der p, Cotrimoxazole 


4 


58 


F 


200 


R 


Der p 


5 


37 


F 


77 


AB 


Wheat flour, Rice, Soy bean, Peanut, Haselnut, Carrot, Potato, Apple, Grass 
mix. Birch tree, Mugwort, Der p, Der f, Dog epithelia 


6 


30 


F 


135 


R 


Cat, Dog, Ragweed, Birch, Juniper, Pine mix, Peanut, Walnut, Almond, 
Egg, Casein, Potato, Celery, Codfish, Shrimp, Apple, Wheat flour, Soy bean. 
Peach, Latex, Penicillium, Cladosporium, Aspergillus, Alternaria, 
Cockroach, Der p 


7 


40 


F 


142 


R, AB 


n.d. 


8 


39 


M 


171 (120-217) 


R 


Der p, Grasses 


9 


47 


F 


108 


AB 


5 Grasses Mix, Horse, Der p, Der f, Dog epithelia 


10 


67 


F 


117 (117-142) 


R 


Meat, Carp, Horse epithelia, Hens egg yolk, Goat epithelia. Hen feather. 
Reed, Grasses, Cereals, Der p, Der f. Storage mite 


11 


25 


F 


184 (4-184) 


U, Angioedema 


Mutton, Hens egg Yolk, Grasses, HDM 



Displayed are age, sex, CD4 T cell counts at date of serological IgE diagnosis or range of CD4 counts for follow-up sera. Allergic symptoms and positive results obtained 
by skin prick testing and determination of allergen-specific IgE are summarized. 

Abbreviations: F: female; M: male; R: rhinitis; RC: rhinoconjunctivitis; U: urticaria; AB: asthma bronchiale; AP: allergic pharyngitis; SPT: skin prick test; Der p: 
Dermatophagoides pteronyssinus; n.k.: not known; 
doi:1 0.1 371 /journal.pone.0097893.t001 



Ethical Considerations 

The study was approved by the Institutional Ethics Committee, 
and informed consent was obtained from the subjects. Anon- 
ymized sera were analyzed for allergen-specific IgE antibodies 
with approval by the ethics committee of the Medical University of 
Vienna, Austria. 

HIV Status and Disease Staging 

The HIV-positive serological status was diagnosed with 
Determine HIV1/2 (Abbott Diagnostic Division, Hoofddorp, 
The Netherlands) and Capillus HIV-l/HIV-2 (Trinity Biotech, 
Jamestown, NY, US) reactive rapid test assays. CD4+ T 
lymphocyte numbers were determined using a Becton Dickinson 
FACSCan flow cytometer and Tritest reagents (Becton Dickinson) 
reagents. The combination of the clinical and laboratory 
information allowed the patients to be stratified according to the 
CDC classification system (1993 and 2008) [10,11]. 

Allergy Diagnosis 

The clinical diagnosis of allergy included a structured personal 
history of allergy, a clinical examination of target organs and 
correlation of symptoms with allergen exposure. Skin prick tests 
(SPT) were performed by using extracts from a standard panel of 
inhaled and ingested allergen source extracts according to case 
history (Stallergenes, Anthony, France) (Tables SI, S2, S3). The 
positive and negative controls were 10 mg/ml histamine hydro- 
chloride and phenolated glycerol-saline, respectively. Skin test 
wheal reactions were measured after 15 minutes and considered 



positive if a patient had a mean wheal diameter of ^3 mm. 
Patients were checked for late phase allergic symptoms such as 
atopic dermatitis by inspection and/or atopy patch testing (i.e., 
epicutaneous allergen administration followed by inspection after 
48 hours for symptoms of eczema). 

Allergen-specific IgE antibodies were determined with the CLA 
assay (Hitachi Chemical Diagnostics, Mountain View, CA, US) or 
the EUROLINE IgE assay (EUROIMMUN AG, Liibeck, 
Germany) (Table SI). For 6 patients (Table 1: patients #5, 7, 8, 
9, 10, 11) the molecular allergen profile was established with a 
customized allergen microarray containing purified recombinant 
and natural allergens (Thermo Fisher, Uppsala, Sweden) (Note SI) 
[12]. 

Sera from additional HIV-infected patients (Table 2, Table S3) 
containing allergen-specific IgE with CD4 counts <200 cells/ (0.1 
(i.e., patients #12, 13; Fig. 1) and between 200-700 cells/u.1 (i.e., 
patients #14-21; Fig. 2) were analyzed for allergen-specific IgE 
antibodies by micro-array and then studied regarding changes of 
allergen-specific IgE in follow up serum samples. Allergen-specific 
IgE levels in the follow up serum samples were quantified by 
ImmunoCAP (Thermo Fisher) measurements. 

Results 

Patients with AIDS Suffer from IgE-mediated Allergic 
Symptoms and Produce Allergen-specific IgE 

The mean CD4 counts in patients with AIDS were 150 cells/pl 
(ranging from 77 to 200 cells/ jal) (Table 1, Table S2) and each of 
the studied patients fulfilled the criteria of AIDS according to the 
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Figure 1. Allergen-specific IgE antibody levels (kUA/L) and CD4 counts in HIV-positive patients with AIDS (#8-11) and in HIV- 
positive patients with CD4 counts below 200/ul (#12-13). CD4 counts (right y-axes) and allergen-specific IgE levels (left y-axes) measured in 
serum samples obtained at different points of time (x-axes) are shown. The usual periods of the grass and tree pollen season is indicated in green and 
brown, respectively. 
doi:1 0.1 371 /journal.pone.0097893.g001 



CDC [10,11]. Interestingly, all patients had typical symptoms of 
IgE-mediated allergies which most likely were due to IgE- 
mediated mast cell activation. Accordingly, they also showed 
positive skin prick test reactions indicating allergen-induced mast 
cell activation by IgE-allergen immune complexes (Table S2). In 
fact, most (i.e., 73%) subjects suffered from acute allergic rhinitis, 
2 7 % from acute allergic bronchial asthma, one from conjunctivitis 
and one from urticaria and angioedema (Table 1, Table S2). 
Notably, none of the patients exhibited late phase symptoms such 
as atopic dermatitis or other T cell-mediated allergic symptoms. 
There were no differences regarding the other symptoms of 
allergic disease between HIV positive patients at any stage of their 



disease and HIV-negative allergic patients seen in the outpatient 
clinic (data not shown). 

Sensitizations to 49 different allergen sources were found in the 
patients either by SPT and/or serological IgE testing (i.e. CLA 
assay, EUROIMMUN assay, ImmunoCAP IS AC). House dust 
mite (HDM) allergens were recognized by 81% of the patients 
while 63% reacted with grass pollen. Sensitizations to apple, birch, 
codfish, dog dander, egg, peanut, potato, soy bean and wheat flour 
were diagnosed in 4/ 1 1 patients (Table 1 and Tables S2). 
Sensitization to birch pollen may reflect sensitisation to cross- 
reacting allergens in pollen of local trees and plant food containing 
PR 10 protein allergens. 
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Figure 2. Allergen-specific IgE antibody levels (kUA/L) and CD4 counts in HIV-positive patients with low CD4 counts (#14-21) for 
whom sequential serum samples were available. CD4 counts (right y-axes) and allergen-specific IgE levels (left y-axes) measured in serum 
samples obtained at different points of time (x-axes) are shown. The usual periods of the grass and tree pollen season is indicated in green and 
brown, respectively. 
doi:1 0.1 371 /journal.pone.0097893.g002 



The allergen micro-array profile analyzed in approximately half 
of the patients also confirmed that house dust mite allergens are 
the most frequent allergen components (data not shown). These 
results are in agreement with earlier studies [4,6] where 
sensitizations to HDM, grass pollen and foods were most 
frequently found in allergic patients from central and southern 
Africa. 

Allergen-specific IgE Levels of Allergic Patients with AIDS 
Mainly Follow Allergen Exposure and are not Associated 
with CD4 Counts 

For three AIDS patients (i.e. #8, #10, and #1 1; Table 1, Table 
S2) follow-up sera, collected between February and August 2011 
were available. Interestingly, the levels of grass pollen allergen 
(Cyn d 1) specific IgE seemed to depend on grass pollen exposure 
because they increased after grass pollen exposure around March 
but did not follow strictly the CD4 cell counts (Fig. 1). These 
results are in agreement with data from other studies showing that 
respiratory allergen exposure boosts allergen-specific IgE produc- 
tion [13]. The monitoring of allergen-specific IgE levels in patient 
#10 (Fig. 1) showed that this patient exhibited highly elevated 
house dust mite allergen-specific IgE levels despite low CD4 cell 
counts. Allergen-specific IgE levels in patient # 1 1 also did not 
follow CD4 cell counts. While CD4 cell counts increased, IgE 
levels to Art v 1 and Cyn d 1 declined and increased for Bet v 1 
(Fig. 1). Also in two additional IgE sensitized patients i.e., patient 
#12 and patients #13 (Table 2, Table S3) with CD4 counts below 
200 cells/ul, allergen-specific IgE levels did not follow CD4 
counts. In patient #12, IgE-specific for the tree pollen allergen 
Gup a 1 decreased outside the pollen season, while CD4 counts 
increased (Fig. 1). In patient #13, IgE specific for the grass pollen 
allergen Cyn d 1 and for the tree pollen allergen Cup a 1 went up 



in the pollen season while CD4 counts decreased (Fig. 1). When we 
analyzed eight additional HIV-infected patients (Table 2, Table 
S3) with reduced CD4 counts (i.e., 200—700/ u.1) similar observa- 
tions were made (Fig. 2). Patients with low CD counts showed 
increases of allergen-specific IgE (e.g., patients #16, 18, 20), in 
other patients allergen-specific IgE stayed unaltered or dropped, 
despite increases of CD4 counts (e.g., patients #14, 15, 17). Only 
in two of the eight patients studied in Fig. 2 (i.e., patients #19 and 
#20), allergen-specific IgE levels and CD4 counts showed a 
similar behaviour (Fig. 2). 

Discussion 

It is well established that T cell help in the form of CD4 cells 
producing Th2 cytokines is necessary for the induction of class 
switch towards IgE production in allergic patients during primary 
sensitization [14]. Regarding the secondary IgE production in 
already sensitized allergic patients less is known. In fact, it has been 
shown that adult allergic patients do not acquire sensitizations 
against new allergens but exhibit a constant IgE reactivity profile 
against a defined set of allergens [13,15]. The levels of allergen- 
specific IgE in already sensitized allergic patients decline in the 
absence of allergen exposure and increase upon allergen exposure 
[13]. Interestingly, increases of allergen-specific IgE levels can be 
induced by isolated allergen contact via the nasal mucosa [13] and 
it may be speculated that either local IgE production in the nasal 
mucosa or stimulation of the adjacent lymphatic tissues is 
responsible for this event [16]. Interestingly, the boost of secondary 
allergen-specific IgE production can only be induced with allergen 
molecules containing the intact IgE epitopes but not with allergen- 
derivatives containing only T cell epitopes [17]. Using a murine 
model of primary allergic sensitization and established secondary 
IgE responses towards a major grass pollen allergen and co- 



Table 2. Demographic, clinical and immunological characterization of ten HIV infected patients with low CD4 counts. 





Patient# 


Age 


Sex 


Range of CD4 
counts 


Allergy 
Symptoms 


Allergens tested positive In SPT, MAST CLA, Euroline IgE assay or allergen 
sources in ISAC 


12 


49 


M 


1 68-205 


RC 


Alpha-lactalbumin, Der p, Dog epithelia, Cypress, Cedar, 


13 


32 


F 


62-106 


R, AP 


Cedar, Bermuda grass, Cypress, Timothy grass 


14 


50 


F 


1 1 0-677 


AB 


Der p, Der f, 4 grains mix, Bermuda grass, Cypress 


15 


37 


M 


375-518 


R 


Der p, Der f, Dog epithelia, cat, peanut, dog epithelia, Bermuda grass, Plane, Wesp, 
Almond, Peach 


16 


43 


M 


244-288 


R, AP 


Cypress, Cedar 


17 


26 


F 


261-741 


R 


Glutein, peanut, Altanaria, Cypress, Cedar, Der f, Der p. Walnut, Timothy grass, Bermuda 
grass, Plane 


18 


39 


F 


209-223 


R 


Der f, Der p 


19 


50 


M 


257-415 


R 


Der p, Der f. Meat, Aspergillus 


20 


40 


El 


488-722 


n.k. 


Der p, Der f, Dog epithelia, Alternaria, Cypress, Bermuda grass, Cedar, Olive, Plane, 
Timothy grass 


21 


47 


M 


486-501 


R 


Cypress, Cedar, Der f, Der p, Latex 



Displayed are age, sex and ranges of CD4 counts for follow-up sera. Allergic symptoms and positive results obtained by skin prick testing and determination of allergen- 
specific IgE are summarized. 

Abbreviations: F: female; M: male; R: rhinitis; RC: rhinoconjunctivitis; U: urticaria; AB: asthma bronchiale; AP: allergic pharyngitis; SPT: skin prick test; Der p: 
Dermatophagoides pteronyssinus; n.k.: not known; 
doi:1 0.1 371 /journal.pone.0097893.t002 
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stimulation blockade, it was found that only primary allergic 
sensitization but not secondary allergen-specific IgE production 
was dependent on T cell help [18]. The latter findings thus 
indicated that the secondary allergen-specific IgE production does 
not necessarily require T cell help. Since HIV infection leads to a 
damage of CD4+ T cells, we thought to investigate whether HIV- 
infected patients with AIDS and severely reduced CD4 T cell 
counts continued to suffer from IgE-associated allergic symptoms 
and to produce allergen-specific IgE. 

Our results showed that patients with severely reduced CD4 cell 
counts continued to suffer from symptoms of IgE-mediated allergy 
and produced allergen-specific IgE antibodies. More importantly, 
we found that certain allergic patients with an HIV infection still 
showed increases of allergen-specific IgE production despite low 
CD4 cell counts. The lack of late phase allergic symptoms due to 
allergen-specific T cells (e.g., atopic dermatitis) in the studied 
patients indeed indicates that the activity of allergen-specific CD4 
cells was compromised. 

Two reports, one showing that immune complexes regulate the 
fate of germinal center B cells, in particular their affinity 
maturation [19], and another showing that B cells see antigen 
on follicular dendritic cells [20] suggest possible mechanisms for B 
cell activation without strong engagement of T cell help. In these 
scenarios one could imagine that memory B cells experience cross- 
linking of membrane immunoglobulin either by immune com- 
plexes or antigen on follicular dendritic cells and then respond by 
transformation into plasma cells and/ or antibody production even 
in the absence of T cell help. 

Further experiments will be required to test this hypothesis but 
our results are in agreement with data obtained by other groups 
investigating the possible associations in the changes of allergen- 
specific IgE levels with changes in total IgE levels in HIV-infected 
patients with AIDS. Also these studies observed that patients with 
AIDS and low CD4 cell counts mounted allergen-specific IgE 
responses in serum but they have not considered interpreting these 
findings regarding T cell dependence of IgE production [21,22]. 
Although it has been found that HIV can favour a shift to the THO 
phenotype and preferentially replicates in CD4 T cells producing 
TH2-type cytokines [23] it does not lead to a switch from the Thl 
to the Th2 cytokine phenotype [24]. It is therefore unlikely that 
the persistence of allergy and allergen-specific IgE production is 
due to a selective loss of Thl cells. We could not investigate the 
effects of allergen exposure on freshly isolated T cells and their 
cytokines from the patients in Africa due to the lack of tissue 
culture facilities there but it is conceivable that in patients with low 
CD4 cell counts also the production of cytokines upon antigen 
stimulation will be impaired. 

In summary, our study indicates that allergic patients suffering 
from AIDS and severely reduced CD4 cells continue to produce 
allergen-specific IgE antibodies which can be boosted by allergen 
exposure and do not follow CD4 cell counts. These patients suffer 
from IgE-mediated acute allergic symptoms. CD4 T lymphocytes 
were not totally absent in our patients but their numbers were 
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